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Introduction

Design Aims

Solution

Sensitivity & Speed Resolution (PSF)

The serial spectrometers, which were traditionally 
used in Electron Energy Loss Spectroscopy 
(EELS), have mostly been replaced by parallel 
spectrometers.  So far most parallel detection 
systems have been based on fiber optically 
coupled Photo Diode Arrays (PDA)1.  

Although PDA have proven satisfactory, they have 
some limitations in terms of speed, sensitivity, 
dynamic range, gain variations and point spread 
function.  All of which, effect the ultimate sensitivity 
and resolution of current spectrometers2.

The relatively complicated operation of EELS 
spectrometers has further limited the use of 
electron energy loss spectroscopy as an analysis 
technique3.  

This poster discusses a newly developed 
spectrometer system, which over comes these 
shortcomings.

Spectrum Imaging and other demanding 
applications require spectrometers with higher 
performance than attainable with current systems.  

The new system aimed to substantially improve all 
major spectrometer performance characteristics:

				- Sensitivity

				- Speed

				- Resolution (PSF)

				- Dynamic range

				- Gain variation

It was furthermore important to build a system 
which was 

    - Compact and compatible with most modern TEMs

				-	Straight forward to operate

Charged Coupled Devices (CCDs) offer significant 
advantages over PDA, but have traditionally not 
been optimized for spectroscopy in terms of 
shape, dynamic range and sensitivity.  

By utilizing a custom CCD it was possible to adjust 
these parameters and build a device optimized for 
spectroscopy applications.

We furthermore developed a new scintillator-CCD 
coupling technology which dramatically improved 
the PSF at low frequencies. 

Key features:
			- CCD based, thermostatically cooled detector
					(100 x 1340, 20 micron square pixels)

			- Ultra High Resolution scintillator technology

			- Fast 1 MHz controller

			- Quadrupole based electron optics
					(for up to 2 eV/channel dispersion)

			- Second order corrected prism �
					(for larger collection angles)

The detector used in the Enfina spectrometer is 
approximately 30x more sensitive than a typical 
PDA.  

The example above shows two spectra from an 
aluminum alloy.  The blue spectrum was taken 
from the alloy matrix and the pink spectrum was 
taken from a percipitate.  Each spectrum was 
acquired with an exposure time of only 10 
milliseconds.  

The scintillator and fiber optic used in the Enfina 
spectrometer virtually eliminates long range tails 
and thereby significantly improves resolution and 
signal to noise.  

The example shows the PSF of the new system in 
black and the PSF of a typical PDA in gray.  The 
intensities are compared on a channel by channel 
basis.

The improved PSF leads to sharper, more 
detailed, spectra even at the lowest dispersions.  

With a PDA, the loss of resolution at lower 
dispersions is clearly visible (graphs in the top left 
corner).  The graphs on the lower right corner, 
which were acquired on the new Spectrometer, 
shows virtually no resolution loss at lower 
dispersions.

The 1 MHz controller in combination with the 
custom built CCD make it possible to acquire 
Spectrum Images in a matter of minutes.

The example shows a three color map of a 
semiconductor sample which was constructed 
from a 150 x 60 pixels spectrum image. 
 

						Oxygen 		=		red

						Nitrogen		=		blue

						Titanium		=		green

Gatan's new Enfina Spectrometer can also be

 seen in operation at the Gatan booth
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Examples
Dynamic range & �
gain variations Automation

The gain variations on a CCD detector can, 
compared to those of a PDA, be easily corrected 
by means of standard gain corrections 
procedures.  This makes it possible to detect very 
low elemental concentrations.

The example shows a spectrum of an aluminum 
alloy sample in blue.  Traces of various other 
elements are easily observed by subtracting the 
background and multiplying the signal 50x (pink).

The example directly above shows a spectrum of 
bulk Boron Nitride on a carbon film.  Differences in 
the near edge fine structure of the bulk material 
and the BCN nanotubes can be easily observed.  
For instance, the Nitrogen k-edge of the bulk 
material shows three simple peaks while the 
spectrum from the nano tube is more complicated, 
and appears to have a split in the second peak.

The example shows two spectra of a 10 shell thick 
Boron Carbon Nitride nano tube.  The bottom 
spectrum (blue) was recorded with a PDA based 
PEELS in 20 seconds, while the top spectrum 
(pink) was recorded  with the new Enfina 
spectrometer in only 2 seconds. Both spectra were 
acquired on the same 300 kV FEG microscope, 
with a 1 nm probe.

The example clearly demonstrates the excellent 
sensitivity and resolution of the new spectrometer.  

One of the standard CCD gain correction 
procedures makes use of a gain reference image.  
The gain reference image, which is map of the 
relative sensitivity of each pixel, is multiplied with 
the acquired image after acquisition.

The example above shows the RMS signal 
variations in a flat field image after gain correction.  
The straight line indicates that the system is 
limited, upto very high dose, by the stochastic 
(Poisson) noise of the electrons, and not by gain 
variations in the detector.

The automated focusing makes is possible to 
optimize signal at core loss energies.  Adjusting 
the focus of the spectrometer by hand is, at these 
energies often impossible or impractical because 
of the low signal levels.

The example shows the spectrum before focusing 
(blue) and after automated focusing (pink).  The 
focusing procedure takes in general less than 30 
seconds.

The operation of the spectrometer is further 
simplified by bringing the spectrometer control and 
analysis functions together in one application 
(DigitalMicrograph).

The example above shows an analysis report 
which can be automatically generated.
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The combination of 16 bit, 1 MHz read-out and 
100 pixels rows in the non-dispersive direction, 
makes is possible to record both the zero loss 
peak and core loss features in the same 
spectrum.

The example shows a spectrum from a thin 
carbon film (blue).  Magnifying the intensity by 
2000x reveals the carbon k-edge (pink).
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